Identification of novel specialized metabolites or bioactive compounds represents the main objective in the research field of natural product leads and drug discovery. Mass spectrometry (MS) provides a central tool to expedite and make more efficient the discovery and isolation phases, while minimizing the waste of resources on rediscovery of known compounds. MS contributes acutely to elucidation and identification of numerous species because it allows molecular mass and structural features determination. In particular, identification of the elemental composition of a precursor ion of interest by accurate mass measurement and investigation of dissociative processes undergone by the molecule, represent a worthy methodology to access the structure assignment. The aim of this study was to discover and identify novel antibacterial drugs from microbial source in a jungle of already known compounds. The focus of this paper is on the analytical strategy that permitted the disclosure of a new compound, otherwise confused with other substances. Emphasis is placed on the interpretation of the ESI-MS/MS fragmentation pattern that combined with high resolution mass determination, allowed step by step to properly deduce the exact molecular formula of an unknown component with a molecular weight higher than 1500 Daltons.
Introduction
Antibiotic-resistant bacterial strains are a major health challenge and medical How to cite this paper: Carrano, L., Naggi, A. and Urso, E. these infections an emergent global disease and a major public health problem; new strategies are described to combat them [1] [2] . Contrary to the common belief that the exposure to antibiotics is confined to the modern antibiotic era, numerous researches have shown that traces of antibiotics were found in ancient people [3] [4] [5] . Undoubtedly, the accumulation of antibiotic resistance genes in human populations showing their roots in the past and a continuous development in the future, represents a huge challenge [6] [7] [8] [9] .
Mortality due to multidrug-resistant bacterial infections and relative economic costs to treat them are surprisingly high. The initial strategy, involving the modification of existing antimicrobials to improve their effectiveness, showed that novel resistance mechanisms were developed by the bacteria and often resulted in a strong failure. So, considering that the prevention of antibiotic resistance remains presently the best care, the discovery and development of newer and more efficient antibiotics is a continuous and essential process. Most antibiotics still in use as therapeutics are natural products (NP), and were identified through screenings of microorganisms, mostly soil bacteria; ninety five percent of the antibiotics described to date originate from leads discovered by screening NP extracts or fractions [10] [11] . So, even though it was registered a strong decline of interest in NP screening bacterial, fungal, plant, and marine source, it still represents a reservoir of new molecules [10] [12] . One of the most critical issue of NP screening is the rediscovery of known compound since this approach is activity driven, so for example it results critical rapidly distinguish between new chemical entities and novel activities of know molecules. This compound identification process is named as dereplication by activity or structure, sometimes also indicated as deconvolution or novelty identification [10] [12] [14] .
Recent dramatic improvement in analytical, genomic, metabolomic and informatic techniques together with the use of high throughput and/or "high content screening" give new impulse to NP-based drug discovery program, claiming the possibility to dereplicate compounds from microbes directly in the strain culture without any purification [12] [13] [14] [15] . MS techniques, plus pro and con, used to identify new molecules using a "structure-based approach" or a bioactivity-driven approach are reviewed in 2016 by Henke and Kelleher [16] . With the advent of soft ionization sources, in the middle of 80 s, the mass spectrometry became highly suited for the analysis of high polarity, thermolabile and high molecular weight compounds by detecting intact precursor ions with low or no fragmentation. Furthermore, with the capability of the direct coupling to liquid chromatography, mass spectrometry has proved to be a very useful technique for procedures of random screening of compounds, particularly when other tech- identification remains a bottleneck also in mass spectrometry (MS)-based metabolomics. Currently, this process relies heavily on tandem mass spectrometry (MS/MS) spectra generated separately for peaks of interest identified from previous MS runs [24] . In this study, we show how relatively simple analysis of combined LC-MS and UV profiles of active microbial fraction extract can ensure novelty determination by matching these data against those stored in a database of known microbial compounds. ESI full scan and tandem mass spectra have been measured to describe their fragmentation behavior. Although FT instruments provide mass accuracies in the 0.5 -1 ppm range, the number of possible elemental compositions for a given ion rises as the molecular weight increases.
However, this work shows an effective example of how CID experiments, combined with the information derived from theoretical calculations, allowed to arrive at the definitive sum formula assignment.
Material and Methods

Chemicals and Reagents
Methanol (LC-MS grade) was purchased from Sigma-Aldrich. Unless otherwise noted, reagents and solvents are used as received from commercial suppliers.
Sample Preparation
Briefly, the broth surnatant was adsorbed on Diaion Hp20 resin and eluted with 70% di CH 3 OH. The active extract (110 mg) was fractionated by bioassay guided methods using HPLC-MS-DAD on reversed-phase C18-column [25] [26]. The chromatographic separation was performed on a reverse phase C18(2) Luna semipreparative column (250 × 10 mm, 10 μm particle size, Phenomenex). A binary solvent system was used for gradient elution at 4 mL/min and at room temperature of solvent A (10 mM ammonium formate pH 4.5) and solvent B (CH 3 CN) with a multistep program: 10% B for 4 min, 35% B at min 36, 90% B at min 38, 90% B for 5 min, then returned to 10% B for equilibrating the chromatographic column. The active sample (data not shown) is eluted at 21 min. About 2 mg of enriched compound were obtained. 
LC-MS Analysis
HRMS Measurements
Full scans and fragmentation high resolution mass spectra were recorded on 7. MS/MS fragmentation experiments were produced by collision induced fragmentation (CID) at different collision energies.
Results and Discussion
The HPLC-MS-DAD data show that the active compound has a molecular weight (MW) of 1571 Daltons (Da) and has two absorbance maxima at 227 and 277 nm (Figure 1 ). The lack of peculiar chromophore renders dereplication studies based almost exclusively on MSanalysis, but resolution and mass accuracy provided by an ion trap mass spectrometer is insufficient to make any hypothe- Measurement at high resolution and high mass accuracy allowed to exclude some well-known antibiotics having very close molecular weight, as depicted in Figure 7 and Figure 8 for Orienticin d and Evernomicin b1, respectively. In particular, the isotopic profile of the compound did not show the typical pattern due to chlorine presence further confirming that the molecule cannot be Everninomycin.
Extremely high mass-accuracy measurements and fragmentation patterns ( 
Concluding Remarks
The present work was successful in identifying a new antimicrobial compound by means of high resolution mass spectrometry, without the contribution from other analytical strategies. Great attention was dedicated to structural characterization aspects that allowed to calculate step by step the molecular formula of the active component of interest contained in the microbial culture of a soil bac- These data resulted essential to distinguish the compound among already identified species and confirm its novelty. The potential of high-resolution tandem mass spectrometry to discover new components without resorting to complementary techniques is worthy to be highlighted. Fast and low-consuming sample characteristics make it a very useful technique in the initial step of antimicrobials screening speeding dereplication and novelty identification.
This work shows also that using structural information available in public database and without the help of sophisticated software, it is possible to perform accurate structural comparison and obtain clear indication of novelty. Moreover, our data suggest that mining soil bacteria can still be a valid strategy for the discovery of molecules with interesting biological activity.
